Expressions for the scattering amplitude of multiphoton processes occurring during the collision of electrons with a hydrogen atom in the presence of an electromagnetic field have been obtained in several approximations: the momentum translation, the space translation, and the Keldysh approximation for the bound-electron wave function. We also propose a perturbation approach based on the space-translation approximation to treat the hydrogen-atom bound states. Our results show that it is of fundamental importance to consider the modifications of bound states due to the presence of the field.
I. INTRODUCTION
In the last few years a number of works have been done concerning the electron scattering by atoms in the presence of an electromagnetic field (EMF). '-" This process is very important in the study of plasma heating by electromagnetic waves, ' "'" in the study of atoms excited resonantly by lasers, ' ' " gas breakdown, etc. One of the principal difficulties involved in the theoretical treatment of these scattering processes is the description of the bound states in an EMF. In particular, if the EMF is strong enough, the excited states of the atom can be so modified that to ignore this change may yield nonreliable results for the multiphoton scattering amplitudes.
In this work we present a systematic discussion of different approximation to treat electron scattering by a hydrogen atom in the presence of an EMF, and we obtain the expressions for the multiphoton transition amplitude using the Green'sfunction formalism. We remark that this same problem has been studied previously by Perel- V, = -e3/3 "V, = -e'/r "V, = e'/~r , -r,~.
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where we do not include the term V, since it does not contribute for the inelastic transition amplitude.
Energy conservation comes from the integration over t [the 5 function in (20)
The parameter v& 0 represents absorption, and v & 0 represents emission of~v~photons bythe e-H system during the scattering process.
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Integration over t is readily done using Eq. (18) and we obtain
B. Zero-order space translation approximation (STA) As previously remarked the STA is obtained from the STA1 by taking p"=p", =0 and o.(t) =0 in Eq. (27) . In this case Eq. (36) reduces to y""'(r, f) =P g"p""'(r)e "~' exp( -ip"cosset) .
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Thip result is very similar to the one obtained by Kovarskii and Perelman". where 
